The purpose of this study was to measure the reliability, sensitivity and validity of two types of field study measures: subjective rating techniques and self-assessment scales. Eight listeners with hearing loss served as subjects. In a laboratory study two Frequency-Gain-Characteristics (FGCs) were selected; one which subjects rated as having better speech clarity and one which subjects rated as having poorer speech clarity. The clarity ratings for the two FGCs were the criterion measure to which the results of the field studies were compared. Subjects wore each of the two FGCs in the real world for six, one-week time periods. During each week subjects completed either category ratings or paired comparisons. Two self-assessment scales were also completed. The paired comparison technique was the field study measure with the best psychometric characteristics.
A dvances in hearing aid technology have outpaced our knowledge of hearing aid fitting. It is not clear which hearing aid processing scheme is most appropriate for listeners with different hearing losses. It is not clear whether an individual with a particular hearing loss will benefit from specific speech processing technologies compared to more traditional technologies.
A variety of studies have been published which have attempted to determine whether new hearing aid technologies provide more benefit than older hearing aid technologies for listeners with hearing loss. These studies have compared advanced hearing aid speech processing schemes to traditional linear hearing aids (Humes, et al., 1997; Surr, et al., 1997) , and have compared different speech processing schemes (Valente, et al., 1997 , Valente, et al., 1998 Stone, et al., 1999) . These investigations used a variety of objective and subjective techniques in the laboratory and subjective techniques in the field (the real world) in order to measure hearing aid benefit. None of these research projects showed an overall preference for a particular hearing aid processing technology for all listeners with hearing loss using objective or subjective tests (Humes, et al., 1997; Surr, et al., 1997 , Valente, et al, 1997 , Valente, et al., 1998 Stone, et al., 1999) . It is clear that potential benefit must be evaluated on an individual basis. In other words, some listeners with hearing loss will benefit from specific hearing aid processing schemes, while other listeners will not. It is likely that listeners with similar degrees and configurations of hearing loss will benefit from similar speech processing schemes.
Sensitive tests of hearing aid benefit are required in order to determine the superiority of specific speech processing schemes on an individual basis. In many experiments objective tests of hearing aid benefit have not been sensitive enough to show differences between new hearing aid processing schemes (Humes, et al., 1997; Valente, et al., 1998; Stone, et al., 1999) . Many subjective tests used in the field have also not been sensitive enough to demonstrate differences between hearing aid processing schemes (Surr, et al., 1997; Valente, et al., 1997) . Alternate field study techniques with good sensitivity are necessary for future research. Walden (1997) described three types of field study evaluations. These included the direct observation of hearing aid users in every day life, subjective ratings of speech in everyday life, and standardized paper and pencil questionnaires of hearing aid performance.
Direct Observations of the Hearing Aid User
The first type of field study evaluation involves the direct observation of the hearing aid user in everyday life. This can be accomplished by training observers to tally appropriate and inappropriate communication behaviors and strategies used by listeners who wear hearing aids in a variety of communication situations. While this technique is clearly not practical, it certainly is valid, as it is a direct measure of performance in the real world. The reliability and the sensitivity of this measure needs further research.
Subjective Rating Techniques
In the second type of field study evaluation the hearing aid user rates total speech understanding or overall speech quality while wearing the hearing aid in daily life. This can be accomplished using either a category rating or a paired comparison procedure.
The category rating technique is a subjective measure in which the listener rates a dimension of speech quality (for example, the percentage of speech understood) on a pre-determined numerical scale (for example, 0 to 100%). The paired comparison technique is a subjective measure in which the listener has the ability to switch back and forth repeatedly between two hearing aid processing schemes, and then select the better processing scheme for the dimension being measured. (For example, under which condition does speech sound clearer?)
In controlled laboratory experiments subjective judgments of speech quality (using paired comparisons or category ratings) have been shown to be more sensitive in differentiating between hearing aids or frequency response characteristics than traditional speech recognition measures (Byrne & Cotton, 1988; Gabrielsson, et al., 1988; Leijon, et al., 1991) . Both paired comparisons and category ratings have been found to be reliable, (Gabrielsson et al., 1988; Gabrielsson, et al., 1990; Purdy & Pavlovic, 1992) , even in children as young as six years of age (Eisenberg & Levitt, 1991; Eisenberg & Dirks, 1995) . Subjective measures of speech recognition have been found to be valid predictors of traditional speech discrimination measures (Speaks, et al., 1972; Cox & McDaniel, 1984; Gabrielsson et al, 1988) . In the laboratory setting, the paired comparison technique has been shown to be more sensitive than the category rating technique (Eisenberg, et al., 1997) .
Subjective rating techniques have been used in many field studies (Kuk & Pape, 1993; Valente, et al., 1997; Valente, et al., 1998; Preminger, et al., 2000) . When this evaluation technique is conducted in the real world, the listening situations can vary widely during rating periods and it is unclear how the variability influences the statistical properties of this technique (Walden, 1997; Preminger, et al, 2000) . There are no reports of the psychometric characteristics of either of these techniques when used in the field.
Hearing Aid Rating Scales
The third type of field study evaluation is a standardized paper and pencil questionnaire of hearing aid performance. A variety of questionnaires are available. The advantage of these techniques is that their statistical properties are known, and significant differences in hearing aid benefit can be determined. The problem with these techniques is that they rely on memory, they are subject to bias, and they are not very sensitive (Walden, 1997) .
The Abbreviated Profile of Hearing Aid Benefit (APHAB) has undergone extensive psychometric testing and is in common use (Cox & Rivera, 1992; Cox & Alexander, 1995) . This scale explore the benefits of hearing aid use while communicating for three listening environments: 1) Ease of Communication (EC) communication under ideal listening conditions, 2) Reverberation (RV) understanding in moderately reverberant rooms, and 3) Background Noise (BN) communicating in noisy situations. The reliability of the APHAB has been shown to be good (Cox & Alexander, 1995) . The APHAB has not been shown to be sensitive, however, when comparing different hearing aid technologies (Surr, et al., 1997; Valente, et al., 1997; Newman & Sandridge, 1998) . Newman and Sandridge (1998) have suggested that this poor sensitivity may occur if a large percentage of items on the scale cover areas that may not be important to individual hearing aid users.
The Client Oriented Scale of Improvement (COSI) (Dillon, et al., 1997 ) is an alternate hearing aid self-assessment scale in which individual hearing aid users determine the content of the scale. The data available do suggest good testretest reliability and good validity. (Dillon, et al., 1997) . It is possible that this test will also have good sensitivity but this has not been measured. Because the content of this scale is determined by individual hearing aid users, it guarantees that the content will consist of items which are of importance to each listener in his or her daily life. It is possible that this increased validity will result in increased sensitivity when the COSI is used to differentiate between different hearing aid technologies or processing schemes.
In the present investigation the utility of two types of field studies was explored: subjective rating techniques and self-assessment scales. In a preliminary laboratory study two FrequencyGain-Characteristics (FGCs) were selected; one which subjects rated as having better speech clarity and one which subjects rated as having poorer speech clarity. The clarity ratings for the two FGCs selected in the laboratory study were the criterion measure, the 'gold standard' to which the results of the field studies were compared. While speech clarity is not necessarily the validity criterion for all hearing aid users, it is important to most hearing aid users (Hagerman & Gabrielsson, 1985) and it is an aspect of speech quality that can be measured both in the laboratory and in the clinic. Speech clarity was chosen therefore, as a tool to evaluate the field studies, not as a tool to evaluate the hearing aid.
Subjects wore each of the two FGCs in the real world for six, one-week time periods. During each week subjects completed either category ratings or paired comparisons with speech clarity as the criterion variable. Two self-assessment scales were also completed. The purpose of this study was to measure the sensitivity, validity and reliability of the various field study measures. The tests were considered sensitive if they were able to differentiate between the two hearing aid settings under investigation. The tests were considered valid if the subjects selected the same hearing aid setting in the field that they selected in the laboratory. Finally, the tests were considered reliable if the same results were measured over two different weeks.
METHOD Subjects
Eight individuals with hearing loss participated in this study. Four of these individuals had never worn hearing aids prior to this project. All of these subjects were candidates for hearing aids who had been seen at one of the clinical offices associated with the University of Louisville's Doctor of Audiology Program. These individuals agreed to participate in this research project before pursuing amplification. The remaining four participants were experienced hearing aid users with at least one year of hearing aid use.
Field Studies/Preminger and Cunningham
Individual subject data are shown in Table 1 . While this is a diverse subject group, they are typical clinic patients. The purpose of this experiment was to determine the usefulness of field study measures in typical patients. It is important to determine if these tests are useful on an individual basis regardless of subject age, degree of loss and hearing aid experience.
Hearing Aids
Four subjects were fit with three-memory, single channel, wide-dynamic-range compression, behind-the-ear hearing aids. Initially, the FGC was set according the NAL-R (Byrne & Dillon, 1986 ) prescription using probe-microphone measurements. The compression threshold was held constant at 55 dB SPL. The compression ratio was adjusted while subjects listened to continuous discourse in a sound-treated room. Using a 7 point rating scale (7=Uncomfortably Loud, 6=Loud, But OK, 5=Comfortable, But Slightly Loud, 4=Comfortable, 3=Comfortable, But Slightly Soft, 2=Soft, 1=Very Soft), the compression characteristics were adjusted so that speech at 45 dB Leq was rated '2' (soft), speech at 65 dB Leq was rated '4' (comfortable), and speech at 85 dB Leq was rated '6' (loud but OK). These compression characteristics were used for all future FGC settings. This resulted in a mean CR of 2.5:1.
This hearing aid had a push-button which allowed the subjects to cycle through the three memories. The hearing aid gain was adjusted to the lowest possible level in the third memory; subjects perceived this memory as the 'reducedvolume' setting. Subjects were instructed to use this 'reduced-volume' setting as an anchor in order to determine which of the three memories they were in.
Four subjects were fit with a two-memory, two-channel, wide-dynamic-range compression, behind-the-ear hearing aid. The hearing aid was fit with the same procedure as the singlechannel aid; the CT and the CR were adjusted in the same manner for each channel. The CT varied between 40 and 50 dB SPL and the mean CR was 2.5:1 in each channel. This hearing aid had a switch which allowed subjects to switch up for memory one and switch down for memory two.
Regardless of the hearing aid used, the compression characteristics were adjusted in order to achieve automatic volume control settings with relatively high compression thresholds, relatively shallow compression ratios and relatively long time constants. Rear-ear aided responses (REARS) were measured with 50 and 70 dB SPL inputs; outputs were compared at 500, 1000 and 2000 Hz. Gain differences were found to be consistent (less than 3 dB) between the two FGCs for these input levels.
All of the experienced hearing aid users were fit binaurally. There was a concern that the new hearing aid users might have difficulty negotiating between the different memories, especially for the hearing aid with the push button memory control. If this was to occur it would be possible that the new hearing aid users would inadvertently adjust their two different hearing 
Laboratory Studies
Speech Materials.
Speech quality and speech clarity judgments in the laboratory were made while subjects listened to continuous discourse on compact disc. The speech was presented in a sound treated room at 65 dB Leq at the location of the subject's head. Speech clarity is just one individual aspect of overall speech quality; other dimensions of speech quality may vary when speech clarity is held constant (Preminger & Van Tasell, 1995) .
Objective measures of speech intelligibility were measured using the California Consonant Test (CCT) (Owens & Schubert, 1977) and the Hearing In Noise Test (HINT) (Nilsson, et al., 1994) . The CCT was presented on tape at a level of 65 dB Leq at the location of the subject's head. The full, 100-item list was administered for each condition. The HINT was presented with the speech signal at 0o azimuth and the speechspectrum noise at 180o azimuth. The noise was held constant at 65 dB Leq at the location of the subject's head. The level of the speech was adjusted in 2 dB steps so that it was decreased after every correct response and increased after every incorrect response. The signal to noise ratio (SNR) for 50% correct for sentence recognition was determined by comparing the level of the speech to the level of the noise for the last 15 sentences. Subjects completed one 20-sentence practice list before data collection began.
FGC Selection.
In addition to the NAL-R setting which was initially fit in each hearing aid, four additional FGCs were selected. Two with increased levels of low-frequency gain and decreased levels of high-frequency gain, and two with decreased levels of low-frequency gain and increased levels of high-frequency gain. The gain in each channel was varied using a 4 dB step size. The overall gain of each FGC was adjusted to produce equal rms output for a 65 dB SPL speech-shaped noise in a 2-cc coupler. Subjective judgments were made to ensure equal loudness for all five FGCs. Subjects listened to continuous discourse (female speaker) in quiet at 65 dB Leq in the sound-treated room. The overall gain of the hearing aid was adjusted until the subject rated each of the five FGCs as '4', comfortable loudness.
Subjects made speech clarity and quality ratings while listening to sentence pairs spoken by a male and female speaker. Sentences varied in length from five to nine words. The sentences were digitized recordings (22,000 Hz sampling rate, 16 bit quantization). The average level of each speaker was 65 dBLeq. The speech was presented in noise with a SNR ratio of +8. The noise used was speech babble on CD. The digitized speech signal was loaded onto a Micron Millenia 400 PC, converted to an analog signal using a digital-to-analog converter (Yamaha YMF-740 sound card), and routed to one channel of an audiometer (GSI 16). The babble noise was output from a CD player (Sony CDP-CE405), and routed to the second channel of the audiometer. The speech and noise were mixed and were output from a single loudspeaker (GSI) into a sound-treated room.
Subjects rated the speech clarity for each of the five FGCs on a 10-point rating scale, with 1 equal to extremely poor clarity and 10 equal to excellent clarity. The FGCs were alternated in random order and ratings for each FGC were repeated for at least 3 ratings per FGC. (The number of replications was determined by the consistency of the ratings.) The same procedure was used to measure speech quality for the five FGCs. Speech quality was also measured on a 10 point rating scale with 1 equal to extremely poor speech quality and 10 equal to excellent speech quality.
Based on the laboratory clarity and quality ratings two FGCs were selected, one with good speech clarity and good speech quality, the 'Good FGC' and one with fair speech clarity and good speech quality, the 'Poor FGC'. The subjective measures were confirmed using the CCT and the HINT. If a significant difference in speech intelligibility between the Good and Poor FGC was not measured for at least one of these tests, new FGCs were selected and tested.
Field Studies
Subjective Ratings.
Speech clarity was judged in the field with either category ratings or paired comparisons. Clarity was used rather than quality or overall preference, because clarity was the criterion measure in the laboratory tests. Subjects were asked to select three times each day when they were typically listening to speech. Subjects Field Studies/Preminger and Cunningham were asked to make their three daily ratings at or near these specified times. If they were not listening to speech at the specified time they were asked to wait one hour and try again. If they forgot to make a rating they were asked to make an extra rating at an alternate time.
Subjects were given small notebooks that could easily fit in a purse or a pocket. Each page in the notebook had a specified time and date pre-written when ratings should be made. The subjects had to answer a series of questions on each page and then rate the hearing aid with either paired comparisons or category ratings. The results from the questions about the listening environment were used as a covariate in the statistical analyses. An example page is shown in the Appendix.
When category ratings were the measure, each subject had the same FGC programmed into all memories of the hearing aid. Subjects were asked to rate the speech clarity on a 10-point scale with 1 being extremely unclear and 10 being extremely clear. When paired comparisons were the measure the Good FGC was programmed into one memory of the hearing aid and the Poor FGC was programmed into another memory. The subject was instructed to consider the clarity of speech as they switched back and forth between the memories. They were told to switch back and forth as often as necessary in order to make their ratings. Subjects were instructed to select the memory which made speech sound clearer.
Self Assessment Scales.
Hearing aid performance was measured with two commonly used self-assessment scales. The APHAB (Cox & Alexander, 1995 ) is a 24-item scale with 4 subscales: Ease of Communication (EC), Reverberation (RV), Background Noise (BN) and Aversiveness of sounds. The first three subscales measure speech understanding in a variety of typical listening situation. Only the results from the first three subscales were used in the present study, because the questions in these scales all relate to the criterion measure of speech clarity. The APHAB was only administered in the aided condition so that hearing aid performance rather than hearing aid benefit was being measured.
In the COSI (Dillon, et al., 1997 ) the patient and the audiologist identify five specific listening situations where the patient hopes to improve their listening abilities with a hearing aid. In the present study, only situations involving speech understanding were selected. Again, this is so that the results could relate to the criterion of speech clarity. For each identified listening situations, subjects are required to give two responses. First, they need to compare how they heard with the hearing aid compared to without a hearing aid. They are given five degrees of change from 'worse' to 'much better'. This is referred to as the ranking results. Second, they have to estimate how much they can understand while wearing the hearing aid. They are given five percent correct levels from 10% to 95%. These are referred to as the percent correct data from the COSI.
Subjects were asked to wear their hearing aid(s) for at least eight hours each day; however, subjects did not report the daily number of hours that the hearing aid(s) were worn. They made daily ratings for six, one-week periods, returning to the laboratory weekly for re-programming and re-instruction. During two of the weeks the Good FGC was programmed into one memory and the Poor FGC was programmed into an alternate memory and paired comparisons were made. During two of the weeks the Good FGC was programmed into all memories of the hearing aid and category ratings were made. During two of the weeks the Poor FGC was programmed into all memories of the hearing aid and category ratings were made. At the end of each week where category ratings were made, both the APHAB and the COSI were completed. An example of a field study schedule is shown in Table 2 .
Subjects were not informed about the purpose of the study. They were told that we were interested in learning how well they could understand speech with different programs in the hearing aid. Subjects were also not informed about how the hearing aid was programmed each week. They were told that the hearing aid was adjusted a little differently each week.
RESULTS

Laboratory Studies
The purpose of the laboratory studies was to select two FGCs for the field study evaluation. Each FGC had to have good speech quality ratings but different speech clarity ratings. The 'Good' FGC was rated with superior speech clarity compared to the 'Poor' FGC. Both the Good and the Poor FGCs had to have quality ratings that were considered to be fair (better than a '6' on a 1 to 10 point rating scale). The ratings for the Good and Poor FGCs are shown in Table 3 . All of the clarity ratings were significantly better for the Good FGC than for the Poor FGC using a .10 probability level. This less conservative criterion was considered permissible because all analyses were performed on individual data. There were no significant differences between the quality ratings for the two types of FGCs. The 8-frequency AI was calculated for each FGC (Pavlovic, 1991) for a 65 dB SPL input and these are also shown in Table 3 . In all cases the AI was higher for the Good FGC as compared to the Poor FGC.
In all cases the Good FGC had increased high frequency gain and decreased low frequency gain as compared to the Poor FGC. The REARs for subject 1 are shown in Figure 1 ; very similar Good and Poor FGC comparisons were selected for all subjects. These findings are consistent with the well known finding that many listeners with hearing loss have improved speech intelligibility scores with increased high frequency amplification but may prefer the overall sound quality when low frequency amplification is increased (Punch & Beck, 1980) .
The results for the objective speech tests are shown in Table 4 . A significant difference for the CCT was determined according to the binomial model as described by Thornton and Raffin (1978) . A significant difference for the HINT was considered to be a difference in scores greater than 1.5 dB (Nilsson et al., 1994) . Each subject had significantly better performance for the Good FGC for at least one of the objective speech tests.
Field Studies
Using the two FGCs selected during the laboratory studies, the utility of the subjective ratings and self-assessment scales were measured in the real world. The results of the field studies are presented with the consideration of three factors: validity, reliability and sensitivity. The results were sensitive if the field study measure could differentiate between the Good and the Poor FGC. The results were valid if the Good FGC was rated with better speech clarity than the Poor FGC. Finally, the results were reliable if the results measured during one week were replicated during a second week when the hearing aid was programmed in the same manner. 
Subjective Ratings: Category Ratings
Each subject made category ratings during four one-week periods. For example an individual may have made ratings during the first week for the Poor FGC this would be 'Poor 1'. The next week for the Good FGC, this would be 'Good 1'. The fifth week they could have made ratings for the Poor FGC again, this would be 'Poor2' and finally during the sixth week for the Good FGC, this would be 'Good2' (see the last column in Table 2 ). The purpose of this study was to determine if the field studies were useful on an individual basis; therefore, analyses were completed for individual subjects. There were 21 ratings made for each FGC condition and for each Week. The data for each subject was submitted to individual Analyses of Covariance (ANACOVAs) with main effects of Rating (21 ratings) FGC (Good vs. Poor) and Week (Weeks 1 vs. Weeks 2). Only the main effects of FGC and of Week were of interest. The covariate was the difficulty of the listening situation on a scale of 1 through 5 with 5 being very easy and 1 being extremely difficult. The covariate rating took into account the setting, the noise level and the subject's impression of the listening situation (see 'Listening Conditions' in the Appendix). While it was not possible to completely eliminate the variability associated with realworld listening, it was hoped that this variability could be reduced by including the covariate in the statistical analysis. The results of the individual ANACOVAs are shown in Table 5 .
The individual category rating results, adjusted by the covariate ratings, are shown in Figure 2 . These results are averaged across the 21 ratings made during each one-week period. The top graph shows the mean ratings for each FGC and the bottom graph shows the mean ratings for Week (Weeks1 vs. Weeks2). Significant main effects from Table 5 are shown by asterisks in Figure 1 . Five of the 8 subjects showed significant differences for the main effect FGC; this indicates fair sensitivity. The results for subject 3 were the wrong way, however; ratings for the Poor FGC were higher than for the Good FGC.
The bottom graph in Figure 2 shows the mean ratings for each week of ratings. This is a check of the reliability of the measure. If it is a reliable measure, there should be no main effect for the factor Week. Unfortunately, this was not the case. Five subjects had significant main effects for the factor Week. Two listeners gave significantly higher ratings for the first field study weeks and three listeners gave significantly higher ratings for the field study second weeks. Reliability can also be addressed by looking at the interaction between FGC and Week (see Table 5 ). Six of the 8 subjects showed significant interactions. Follow-up testing was accomplished using the Tukey HSD test with a .05 level of significance. Results for two subjects are shown in Figure 3 . The results for Subject 6 (top graph) show that the ratings for the first 'Good' week were significantly higher than for all other weeks. The results for Subject 8 (bottom graph) show that the ratings for the first 'Poor' week were significantly poorer than for all other weeks. In general, this measure was not reliable on an individual basis.
Subjective Ratings: Paired Comparisons.
The individual results for the paired comparisons are shown in Table 6 . The Binomial test was used to determine whether one FGC was selected significantly more often than the other FGC. Seven of the subjects selected the Good FGC as having better speech clarity significantly more often during the first week of testing. The remaining subject (subject 2) selected the Poor FGC as having better speech clarity during the first week of testing. This is not the same subject who rated the Poor FGC with superior speech clarity for the category ratings (see figure 2) ; that was subject 3. During the second week of paired comparison testing, 5 of the 8 subjects selected the Good FGC as having better speech clarity significantly more often than the Poor FGC. Across the two weeks of testing, the results for 5 of the 8 subjects were valid, sensitive and reliable.
Self Assessment Scales
APHAB
The APHAB was given four times, once after each week that category ratings were made (see the 5th column in Table 2 ). The results for the three scales which measured speech clarity (ease of communication, reverberation and background noise) were compared. The results were submitted to individual ANOVA analyses with main effects of FGC and Week and the results are shown in Table 7 . The mean results for the 3 scales are shown in Figure 4 . The APHAB was only measured for the aided conditions, so 'performance' rather than 'benefit' was measured. Each graph shows percent problems; a lower score indicates superior speech clarity. The top graph shows the results for the main effect FGC. Only one significant difference was found, indicating poor 
COSI
The COSI was administered at the same times as the APHAB. The results were examined for both the rank values (degree of change) and the percent correct estimations (final ability). While five listening situations were initially identified for each subject, each subject did not rate each of the five listening situations at the conclusion of each week. Therefore, the data were analyzed for the four listening situations that each subject identified and rated each week. Figure 3 . Mean category ratings for each one-week period for an individual listener. The top graph shows the data for subject 6 and the bottom graph shows the data for subject 8. Probability values significant at the .05 level are in bold and those significant at the .10 level are in italics. The results were submitted to individual ANOVA analyses with main effects of FGC and Week. These results are shown in Tables 8 and  9 . The results, averaged across all four listening conditions, are shown in Figures 5 and 6 . The top graphs show the results for the main effect FGC. For rank values, three of the subjects ranked the Good FGC with better speech clarity than the Poor FGC ( Figure 5 ). This indicates fair sensitivity and validity. There was also a significant difference between the rankings for the FGCs for Subject 3, but this was the wrong way. This same subject had significantly higher clarity ratings for the Poor FGC with the category rating technique (Figure 2 ) but had significantly higher ratings for the Good FGC with the paired comparison technique (Table 6) . Two of the eight subjects showed a main effect for Week, indicating fair reliability. The results in Figure 6 show only one significant difference between the percent correct estimations for the Good and Poor FGCs. This shows that the COSI rank values were more sensitive than the percent correct estimations.
Table 6 Binomial Test Results for Individual Subjects for the Paired-Comparison Ratings
Week
DISCUSSION
I n order to summarize the results of this study, it is helpful to look at the results across all of the field studies. Table 10 shows the results for the subjective ratings and the self-assessment scales for each subject. In the 'validity/sensitivity' columns 'G' is shown in the table if the Good FGC was selected as having superior speech clarity compared to the Poor FGC. A 'P' was entered if the Poor FGC was selected as having superior speech clarity. For the category ratings, the APHAB and the COSI, the data entered in the table are taken from the individual ANOVA analyses which were discussed in the results section. For the paired-comparisons, a 'P' or 'G' was entered if either FGC was selected significantly more often for either of the two weeks that paired comparisons were measured during the field study. For the COSI, only the results for the rank values are shown because these were found to be more sensitive than the percent correct estimations. A 'G' in the table would suggest that the measure was sensitive and valid, a 'P' in the table would suggest that the measure was sensitive but not valid. Table 10 , a letter was entered into the 'reliability' column only if the test was found to be sensitive for that subject; the reliability is meaningless if the test cannot differentiate between the two memories. An 'R' is entered into the 'reliability' column if there was no main effect for 'week' for that subject. A 'NR' is entered into the column if there was a main effect for week. For the paired comparison ratings an 'R' was entered if the same results were found over each of the two weeks of testing. Probability values significant at the .05 level are in bold and those significant at the .10 level are in italics.
The best results were found for the paired comparison technique. This method was found to be valid and sensitive for 6 of the 8 subjects and it was found to be reliable for 5 of these 6 subjects. Other researchers have found the paired comparison technique to be superior to the category rating technique in the laboratory. The paired comparison technique has been found to be more sensitive than the category rating technique in both adults and in children (Eisenberg & Dirks, 1995; Eisenberg, Dirks, & Gornbein, 1997) . It is not surprising that similar differences between these techniques are found in the filed. Judgments in the field are more difficult than judgments in the laboratory due to the longer time period between ratings and the widely varying listening conditions. For the category rating technique, 4 of the 8 subjects showed good validity and sensitivity. Reliability was poor for 3 of these 4 subjects. One major problem with the category ratings is that it is possible for subjects to completely change their internal reference criterion from week to week. This was shown in Figure 2 . Subject 8 completely changed her criterion for clarity during week Poor1; ratings made during this week were significantly lower than ratings made during the other three weeks. This finding is a common problem with the category rating method. Filion and Margolis (1992) presented a clear example of this problem. They measured Loudness Discomfort Levels (LDLs) for a group of listeners using a 9-point category rating scale both in the laboratory and in a nightclub. The LDLs measured in the laboratory over-predicted the LDLs measured in the nightclub. Individual subject's criterion regarding what was too loud varied with the type of setting. This same type of criterion shift can occur for speech clarity or speech quality depending on the listening environment or on other variables.
The APHAB was not found to be sensitive for the majority of subjects. Other studies have shown poor results when the APHAB has been used to differentiate between hearing aids. Stone et al. (1999) had 8 listeners compare 4 different compression schemes in a single hearing aid. Subjects each completed an adjusted version of the APHAB and several objective speech tests after 2 weeks of wearing a single compression program. Individual analysis of the APHAB results showed that three of the subjects did have significant differences between the 4 programs. This was not shown for the objective speech tests. Three of the subjects then wore all four programs in the field and were able to compare the programs in the real world in a variation of paired comparison testing. One of these subjects had the same result for the comparison field testing as the APHAB, the other two did not. While the APHAB is clearly sensitive to differences between unaided and aided performance, it has not been shown to be sensitive to differences among hearing aids.
The COSI was valid and sensitive for 3 of the 8 subjects, but was reliable for only 2 of these 3 subjects. The COSI has the same limitations as the category rating technique and the APHAB. Ratings are made over long periods of time and can be influenced by changes in an individual's internal criterion and/or by changes in the environment. Given these limitations it is difficult to maintain sensitivity and reliability. 
In the validity/sensitivity column: G = Significantly better result for Good FGC; P = Significantly better result for Poor FGC; no entry means that there was no significant difference between the Good and Poor FGC. In the Reliability column: R = no significant difference between test weeks, NR = significant difference between test weeks; data was entered in this column only if data was entered in the validity/sensitivity column for the same subject. APHAB = Abbreviated Profile of Hearing Aid Benefit; COSI = Client Oriented Scale of Imrpvement. Of all the field study methods evaluated, the paired comparison technique was the only measure which allowed the hearing aid user to listen to each FGC at the same time, and for the exact same listening situation. In this way, changes in internal criterion, and variability in the listening situation are not factors. For these reasons, the paired comparison technique is the recommended technique for future field studies. The major limitation of the paired comparison technique is that it can only be used when two different programming strategies are compared within the same hearing aid. This technique cannot be used when comparing two different hearing aids in the real world.
There are several reasons why the results may not have been sensitive for the measures used in the present study. First, the AI differences between the FGCs shown in Table 3 are small, and indicate that there were only minor differences between the Good and Poor FGCs. Based on transfer functions that relate AI to expected speech recognition performance (e.g. Dirks, Bell, Rossman & Kincaid, 1986) , differences in speech recognition for these AI differences should not be expected for all types of speech materials. These small AI differences were necessary, however, so that quality differences between the FGCs would be minimized. Due to the small AI differences, we would expect speech clarity differences only for the most sensitive tests, and only for more difficult listening situations (e.g. low context listening situations).
A second reason which may explain the lack of sensitivity is the validity of the tests. The criterion measure for this study was speech clarity measured in the laboratory. The subjective rating measures had high face validity; they were direct measures of speech clarity in the field. The self-assessment scales did assess speech clarity, but the questions on these scales were not exclusive to this area. The broader focus of the self-assessment scales may have contributed to their reduced sensitivity in this context.
Finally, the field study was limited to one week with each hearing aid setting. This short time period was used in order to limit the entire field study to a 6-week period. There is a concern that a one-week period with a new setting will not allow sufficient time for adjustment and accurate ratings. There is evidence however, that listeners with hearing loss can make stable hearing aid ratings 7 days after fitting. Humes, Halling and Coughlin (1996) evaluated objective and subjective outcome measures in a group of 20 elderly listeners 7, 15, 30, 60, 90 and 180 days post-fitting. Most of the measures were found to be reliable and stable, on an individual basis, during this 6-month period. It would be useful to continue to evaluate field study methods with larger numbers of subjects and with different types of hearing aid adjustments. It would be worthwhile to determine whether individual subject characteristics such as age and hearing aid experience will influence the psychometric properties of the field study techniques.
